Abstract: Product development projects face a broad range of challenges. In this paper, we report the results of a case study in which the so-called Interface assessment tool was used to assess six key challenges in a commercial product development project: 1) market uncertainty, 2) technological uncertainty, 3) product complexity and/or degree of change in product, 4) production complexity and/or degree of change in production, 5) dispersion between technology development and product development, and 6) dispersion between product development and production. Evaluation of the Interface assessment tool indicates consistency with ideal features that tools should have in order to aid in product development. Furthermore, the collective view of the project team members involved in the assessment indicates that the Interface assessment tool offers valuable support for identification of uncertainties, establishment of a joint vision of the project, and minimization of multiple interpretations of the challenges a product development team might face. Consequently, this tool may contribute to sensemaking capability in a product development team.
Introduction
Western firms are faced with fierce competition from low cost countries. In order to sustain competitive, the firms need to constantly develop and supply new products to the market. Consequently, innovation capability is a key to success. In this paper innovation refers to "the management of all activities involved in the process of idea generation, technology development, manufacturing and marketing of a new (or improved) product or manufacturing process or equipment." (TROTT, 2005, p. 15) .
There is a strong agreement among scholars and practitioners that innovation is complicated and involves a number of challenges that must be handled (KURUMOTO; DE OLIVEIRA; AMARAL, 2012) . Some key challenges in the innovation process are complexity, uncertainty, and dispersion (LAKEMOND et al., 2007a) . Complexity occurs partly due to differences that exist between the various sub-processes in the innovation process. For example, one factor that complicates the introduction of new technology is that the characteristics of new technology development and product development differ (CLARK; FUJIMOTO, 1991; NOBELIUS, 2004) . Whereas technology development often is problem-oriented with fuzzy targets, product development is solution-focused and clearer in terms of market segments. Furthermore, the time horizon of technology development tends to be long-term with unclear completion points, while product development is more short-term with predefined deadlines derived from expected market launch. Incorporating new technological solutions in product development thus includes assuring the fit between the new technology and the commercially-oriented product development.
To ensure smooth production start-up it is also vital to assure fit between the product concept and the production process (ADLER, 1995; NOBELIUS, 2004) . Product developers thus need to consider production aspects during the design phase and integration between product design engineers and process engineers constitute a vital undertaking in product development projects (ADLER, 1995; SWINK, 1999 ; VANDEVELDE; VAN DIERDONCK, 2003) .
Though innovation management literature provides some guidance on how to manage different challenges within the innovation process, we argue that there is room for enhanced knowledge and support for how to deal with these challenges. Therefore, this paper presents results from a case study in which the Interface assessment tool was applied as an instrument for assessing challenges within a commercial product development project. The Interface assessment tool constitute part of the Interface management method. The method was developed recently in a research project as an aid for product development teams to assess and manage various challenges in the innovation process (LAKEMOND et al., 2007b) . The Interface assessment tool has appeared in slightly different versions and with diverse terminology (e.g. LAKEMOND et al, 2013) , but this paper addresses the original version of the tool.
The remainder of the paper is structured as follows. First, key features of product development support tools are outlined. Then the research approach is presented, followed by a description of the Interface management method that incorporates the Interface assessment tool. The case study and empirical findings are then presented and the paper ends with a discussion and conclusion section.
Key features of product development support tools
The use of various tools constitute an important ingredient in product development. Different tools might support the specific engineering tasks as well as provide a basis for communication among development team members (CLARK; FUJIMOTO, 1991) . For example, early assessments of uncertainties help team members to reach a common understanding of potential challenges faced in a development project. Tools can be of various types: manual or computer-based, quantitative or qualitative, analysis or improvements-directed. The use of various tools does not, however, automatically lead to prosperous product development. Still, in order to support product development efficiency, previous research has indicated that a tool ideally needs to possess certain features as outlined below (HUANG, 1996; NORELL, 1992; RITZÉN, 2000; LINDAHL, 2005) :
• Feature 1 (F1): addresses a clearly defined area of concern; • F2: incorporates accepted, non-trivial knowledge concerning the area focused upon; • F3: avoids unnecessary need for sophistication in modelling and measuring; • F4: is able to handle data of low quality; • F5: supports finding weak spots in a design solution;
• F6: supports collaboration and have a learning and developing influence on the users; • F7: contributes to a systematic work procedure;
• F8: gives a noticeable and preferably measurable effect on project work in the focused area of the product development process; • F9: is useful in the early phases of product development. A tool that possesses these ideal features is supposed to enhance efficiency in product development in terms of shorter development cycle times, lower costs, better product quality, improved environmental performance, etc.
Research approach
The Interface management method, which incorporates the Interface assessment tool, originates from the research project INTERFACE -Interfaces in Industrial Innovation Processes. The project involved five manufacturing companies and was financially supported by the Swedish Agency for Innovation Systems (VINNOVA). Research was carried out according to a two-phase logic. In the first exploratory phase 10 development projects at five companies were studied in-depth. In the second phase, the Interface management method was developed to support assessment and management of challenges in the innovation process.
The research presented in this paper relies upon a case study in which a product development team used the Interface management assessment tool to assess an ongoing project (EISENHARDT; GRAEBNER, 2007; YIN, 2008) . After the assessment session, the appropriateness and applicability of the Interface assessment tool were evaluated. All project members filled out a questionnaire with questions related to appropriateness, coverage of issues, usability, resource efficiency, etc. The responses were given according to an ordinal scale ranging from 1 to 7, where 1 means 'to a very low degree' and 7 means 'to a very high degree'. The team members were also asked to provide oral feedback regarding the tool and this was captured during a discussion about the tool.
The Interface management method
The Interface management method consists of two parts: 1) The Interface assessment tool (see Appendix A), and 2) Checklists with guidelines (which is not within the scope of this article). The method is used in a three-step procedure. First, the current situation regarding six product development challenges are assessed. This provides the development team an overview of the project status and helps to identify potential problems. The assessment is carried out as a comparative assessment where challenges in the project is compared to a "typical" product development project within the organisation. The second step focuses on identification of necessary actions to deal with the challenges. Such actions could refer to the inclusion of more personnel resources, increased internal and external communication, or adjustment of the project deadline. The checklists with guidelines act as support for the performance of the actions. On the basis of the identified actions, the third step is to device an action plan that specifies which activities should be carried out, timeframe, responsibilities, etc.
The challenges addressed by the Interface assessment tool are: 1) market uncertainty, 2) technological uncertainty, 3) product complexity and/or degree of change in product, 4) production complexity and/or degree of change in production, 5) dispersion between technology development and product development, and 6) dispersion between product development and production.
Market uncertainty occurs if a new or modified product is directed towards a new market segment (MOSEY, Product: Management & Development 2005). Market uncertainty may also occur if the market is unpredictable with constantly changing customer demand and/or price sensitivity. A major source of technology uncertainty is implementation of new (and sometimes non-verified) technology in product development projects (IANSITI, 1995) . Product complexity has been defined in different ways; the number of parts involved in the product (MURMANN, 1994) , number of product functions (GRIFFIN, 1997) the number of different core technologies (MEYERS; UTTERBACK, 1995) , and the interaction between these parts, functions or technologies (NOVAK; EPPINGER, 2001). Also production complexity and the degree of process changes influence the activities in a development project (TERWIESCH; XU, 2004) . Another factor that influences product development is separation of activities. This separation may concern geographical but also (inter-and intra-) organizational separation of technology development, product development, and production activities (IANSITI, 1995) . Exchange of technical information can be negatively influenced due to cultural, language and time zone differences (SOSA et al., 2002) .
To sum up, the Interface management method has been designed to deal with some key challenges that are inherent in a product development project. It helps a product development team to identify and manage these challenges.
Case study and empirical findings
The study was carried out at company Outdoor that produces a wide variety of products for outdoor use and the products are sold under several brands. Acquisitions have given Outdoor production facilities in Asia and Eastern Europe. It has also lead to the access of a network of local suppliers. The company's strategy is to increase the share of production in some of these facilities as well as purchasing of components from low-cost countries.
Outdoors's investments in product development aims at creating products that combine high performance with a number of other vital aspects such as energy consumption, exhaust emissions, safety, noise levels, ergonomics, userfriendliness, serviceability, and recyclability. The strategy is to develop technology and products that meet or exceed customer expectations as well as current and future legislation minimum standards. Product development is supported by a project model that outlines the different phases of the development process and their associated practices, i.e. the model displays the development process as a stage-gate process (COOPER, 1994) . It presents the development process from the early phase when technological and business potentials are identified until the late phase when full-scale production has started. A number of different support tools are associated with the model. The aim of these tools is to support prosperous progress of the development projects. One of these tools is the Interface management method. Outdoor was one of the companies that participated in the development of the Interface management method and the method has been incorporated into the company's project model.
In the case study, the Interface management tool was used to assess the current status of an on-going product development project (project Beta), in which a product was developed for replacement of an existing product. Weight and sales price were, as always, key dimensions of the project goals. Other key dimensions were design and exhaust emission levels. In addition, the project time schedule was very tight in order to be able to launch the product in the market at the correct point of time. The product was developed in Sweden and produced in one of the company's Asian production facilities. The assessment with the Interface assessment tool was carried out when the project had run for some time. The principal design solution had been defined and the project had produced a number of SLS prototypes (Rapid prototyping), which are rapidly produced physical prototypes based on CAD data. Moreover, quotations on tooling and components had been collected from potential suppliers.
The assessment was initiated by the project leader. He considered it to be relevant to check the status of the project regarding which challenges it faced. The assessment was carried out by the core project team members (ULRICH; EPPINGER, 2012), i.e. the project leader, two engineering designers and two laboratory engineers, and was done during a three-hour session. None of the team members had used the Interface assessment tool before, but were given the chance to get familiar with the tool prior to the assessment session. Material that describes the assessment tool and how to use it, as outlined in Outdoors's project model, was made available to the team members a few days before the session.
During the assessment session, we adopted a passive role during the assessment because the purpose was to observe how the team used the Interface assessment tool. However, whenever any questions were raised by the team members regarding the tool we explained how it was supposed to be used.
Results from the assessment of the Beta project
The assessment resulted in that two of the six challenges were given high total scores by the project team. One of these challenges was technological uncertainty. A number of new technological solutions were introduced in the product and some of these solutions had not been tested or applied in previous products. Though calculations and simulations indicated that the solutions would work as expected, the project team members experienced uncertainties regarding how these solutions actually would function in practice. A number of the solutions were also systemic, i.e. strongly
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The other challenge that received a high total score was dispersion between product development and production. The development team was located in Sweden, whereas production of the products was to be carried out in Asia. Even though the project team members had been involved in earlier projects where geographical distance was part of the project preconditions, this was considered a vital area that should be monitored carefully. One reason was that the Asian production facility had been acquired fairly recently and therefore routines, forms of cooperation, etc.
had not yet been established. In addition, none of the project team members had any experience of working together with that specific facility. Another reason was that the development project involved more actors than a "typical" project. Also development engineers at the Asian facility were involved in the communication with the component suppliers to ensure that the production documentation fitted the suppliers request for information.
The other four challenges were not considered as critical at the point of time when the assessment was carried out. Table 1 . shows the outcome of the assessment done by the project team.
The assessment resulted in a number of action points assigned to the project leader. The key action point was to establish continuous communication with the Asian production facility regarding the transfer process between product development and production. The team also specified that one or a few persons from the project team in Sweden should be present when pre-production series were to be produced in the Asian production facility. These two actions were considered to be critical in order to ensure a smooth production start-up and ultimately full-scale production (VANDEVELDE; VAN DIERDONCK, 2003) .
Evaluation of the Interface assessment tool
As was mentioned earlier, the project team members were asked to provide feedback regarding the Interface assessment tool. Their feedback was captured in a questionnaire as well as through discussions about pros and cons of the tool. The results from the questionnaire is shown in Table 2 . Responses were provided according to an ordinal scale ranging from 1 to 7, where 1 means 'to a very low degree' and 7 means 'to a very high degree'. The questionnaire also included an "open" field, where the participants could give their comments.
The oral comments given by the project team during the discussion clearly overlapped the responses captured in the questionnaire. In general, the team members gave positive feedback about the Interface assessment tool. They thought the tool contributed to a focused discussion regarding highly relevant challenges for a development project. It helped the team members to raise above purely technical issues, which normally are discussed in a project. One of the project team members stated: "The questions are relevant and they guide your thoughts to consider potential problems. The questions help you to 'think outside' the specific field in which you are working". Hence, the tool focused the assessment to the project per se, rather than technical issues related to the product that was developed. 
Challenges
Total score To which degree does the Interface assessment tool address relevant areas that are exposed to uncertainties/risks in a product development project?
6,2
To which degree contributes the Interface assessment tool to a systematic work procedure for assessing uncertainties/risks?
5,8
To which degree contributes the Interface assessment tool to a systematic work procedure for managing uncertainties/risks?
5,6
To which degree contributes the Interface assessment tool to a common understanding among the project team members regarding the project uncertainties/ risks?
6,8
To which degree contributes the Interface assessment tool to cooperation between different competences in order to manage the project's uncertainties/risks?
5,6
To which degree contributes the Interface assessment tool to learning specifically regarding how to manage risks/uncertainties in a development project?
5,8
To which degree is it appropriate to use the Interface assessment tool at various stages during a development project, i.e. to carry out recurring assessments with the tool?
6,6
To which degree is the Interface assessment tool resource/time efficient for analysing uncertainties/ risks in a development project? 6,2
One of the product design engineers maintained that "a great deal of discussion is initiated regarding issues that might have been neglected or even avoided. One thinks that these issues are managed later, but now some light are shed on these issues". A test/laboratory engineer added: "I think the questions about the challenges were quite good. They make you think in new ways". The project leader agreed and maintained that the challenges and their related questions were highly relevant. He said: "The questions are really relevant for a development project".
The oral feedback also indicated that preferably a person that is familiar with the Interface assessment tool should be involved when an assessment is carried out; at least when the tool is used for the first time and it is new to the project team. The team claimed that it had been hard to carry out the assessment without having the possibility to get support when questions occurred regarding the tool. This indicates the necessity to specify a person within the organization that can act as an "expert" regarding the tool and its use. Another issue brought to the attention was that the selection of a reference project can be demanding. It can be tricky to define what a "typical" project is, because project team members might not have the same experiences from previous projects.
Still, the collective view of the project team members was that the Interface assessment tool provided valuable support for understanding the status of the project related to some essential product development challenges.
Discussion and conclusion
As was presented in paragraph 2, tools to be used in product development should have certain features in order to add to development efficiency. The application and evaluation of the Interface assessment tool presented in this paper show that the tool fits well with these features. The tool supported detailed discussions regarding challenges that were considered highly relevant by the product development team. It provided insights into which challenges were potentially most critical. It also provided support for how to manage these challenges, which as illustrated by the case study, resulted in an action plan. It can therefore be claimed that the tool fits with F1 (i.e. addresses a clearly defined area of concern). The Interface assessment tool is firmly based on current scientific knowledge, but also based on the extensive empirical research carried out in the INTERFACE project. It is therefore consistent with F2 (i.e. incorporates accepted, non-trivial knowledge concerning the area focused upon) to a high degree. The tool does not require complex product and production process models or data of high quality in order to be able to produce results from an assessment. Thus, the tool is consistent with F3 (i.e. avoids unnecessary need for sophistication in modelling and measuring) and F4 (i.e. is able to handle data of low quality). The tool does not focus on the product, but the project per se. However, the challenges related to technological uncertainty and product complexity, for example, may help finding weak spots in a design solution. Hence, the tool is also consistent with F5 (i.e. support finding weak spots in a design solution). The responses given in the questionnaire also provide evidence that the tool support collaboration and learning. Thus F6 (i.e. support collaboration and have a learning and developing influence on the users) is confirmed. The feedback from the team members shows that the procedure outlined for using the tool contributes to a systematic work procedure to assess and thereafter manage challenges. F7 (i.e. contribute to a systematic work procedure) is therefore supported. The project team members saw a potential to use the tool at various occasions during a development project. The scoring included in the assessment tool allows comparison of uncertainties/risks related to the challenges at different phases of a development project. It can thus be claimed that F8 is supported (i.e. the tool supports a noticeable and preferably measurable effect on project work in the focused area of the product development process). The fundamental idea of the Interface assessment tool is that it should be used early in a product development project to assess the different challenges. Hence, it definitely fit F9 (i.e. be useful in the early phases of product development) is supported.
On the basis of our findings, we argue that the Interface assessment tool may contribute to the sensemaking capability in a product development team. According to Akgün et al., (2012, p. 474 ) such sensemaking capability is "a communicative practice in which people interpret their environment and the surroundings of the project, technology/market-related information, as well as the stimuli through the interaction with others."
In a product development context, such capability relates to internal communication, external communication, information gathering, information classification, building shared mental models, and experimental action (AKGÜN et al., 2012) . As the Interface assessment tool relies upon involvement of the entire development team, as well as communication with external actors (e.g. suppliers), it emphasises both internal and external communication in the project. The assessment also indicates whether more information is needed and has to be collected in order to reduce the uncertainties in the project. Gathering more information add to the sensemaking capability if the information is increasingly assimilated and addressed towards team actions. The Interface assessment tool provides a structure to classify the information related to the different challenges, which helps the product development team to be focused in the information collection efforts. The explicit structure of challenges offered by the Interface assessment tool can ignite discussions among the team Towards management of challenges in the innovation process: a case study on the application of the interface assessment tool
Johansson & Säfsten 20 members about project issues that are rarely addressed, as evident in the case study. The emergence of shared mental models of the challenges at hand, as a result of discussions stimulated by the tool, can support the team to better understand the situation and coordinate the appropriate actions (DOUGHERTY et al., 2000) .
To sum up, the case study indicates that the Interface assessment tool has the potential to assist a product development team to get better insights into the challenges it faces. The study confirms the initial tests that were carried out in the research project. Hence, we conclude that the Interface assessment tool has the potential to support the identification of uncertainties, establishment of a joint vision of the project, and reduction of the risk of multiple interpretations of the challenges a product development team might face. Uncertainty and ambiguity can thus be minimized in the product development project.
Although the case study presented in this paper shows promising results for the applicability and relevance of the Interface assessment tool, the validity and reliability of the tool must be evaluated in further studies.
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Appendix A. The Interface assessment tool presented here is the original version and it is this version that was tested and evaluated within the case study.
The Interface assessment tool The assessment is performed on the following scale:
The assessment is performed in comparison with the chosen reference project and the following scale applies: 0
To a lesser extent than the reference project or not relevant 1
In correspondence with the reference project 5
To a much higher extent than the reference project The project group is not used to work with new technologies in the project. Total score
• C. Product complexity and/or degree of change in the product Product complexity and/or degree of change of the product Score C.1
The product includes a variety of different technologies (electronics, mechanics, material, software, etc.) C.2
The product consists of a large number of different components that are affected and/or changed. C.3
Many dependencies exist between the components in the product that are affected and/or changed. C.4
Solutions developed in the project are/will be used in several different products. Total score
• D. Production complexity and/or degree of change in production Production complexity and/or degree of change in production Score D.1
The production system contains difficult process steps and/or high demands on tolerances, accuracy etc. D.2
The degree of automation changes in the production system. D.3
The production includes new production technology/equipment. D.4
The production system includes new layout/production set-up. There are great cultural differences between the actors involved in technology development and those involved in product development. E.3
Many different actors are involved in technology development and product development. E.4
The development project needs to collaborate with persons working with technology development who are previously unknown to the project members. Total score
• F. Dispersion between product development and production Dispersion between product development and production Score F.1
Production is localized far away from the product development project. F.2
There are great cultural differences between the actors involved in product development and those involved in production. F.3
Many different actors are involved in product development and production. F.4
The development project needs to collaborate with persons in production who are previously unknown to the project members. Total score
